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Purpose: When using incomplete or non-representative real-world data (RWD), bias is more likely to occur. The aim of the current 
study was to assess the completeness and representativeness of the PHARMO GP data for the Dutch population.
Patients and Methods: A cross-sectional study was performed. The PHARMO GP data comprise data from electronic health 
records registered by GPs. Data on the Dutch population were obtained from Statistics Netherlands (CBS), which offers publicly 
available data on several themes. The standardized difference (std.diff) was used to compare proportions between the PHARMO GP 
population and the Dutch population. An absolute std.diff >0.2 was considered a difference.
Results: On January 1st, 2018, 3,466,321 persons were included in the PHARMO GP data (mean age: 41.6 years, 49.7% males). The 
sex and age distribution was similar to the Dutch population. The PHARMO GP data captured less not urbanized areas compared to 
the Dutch population (not urbanized areas: 9.4% vs 17.1% [std.diff: −0.23]). Regarding medication use, only the pharmacological 
subgroups “viral vaccines” and “hormonal contraceptives for systemic use” differed (std.diff >0.2); use in the GP data was more 
complete than in the Statistics Netherlands (CBS) data. No differences were observed regarding diagnoses.
Conclusion: The PHARMO GP data are representative of the Dutch population with regard to the demographic characteristics and 
diagnoses in primary care. Medication data in the PHARMO GP data are more complete than national statistics, and differences are 
related to reimbursement. Use of the data and interpretation of results based on these sources should be done with experts on the data 
sources, the Dutch healthcare system and (pharmaco)epidemiology.
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Introduction
Evidence from real-world data (RWD) plays an increasing role in healthcare decisions.1 Real-world evidence (RWE) is 
evidence obtained from observational data generated during routine clinical practice. It can provide insight into the 
uptake, utilization, accessibility, effectiveness, long-term safety, real-world costs and cost-effectiveness of health 
products not often studied in clinical trials.2,3

However, when using incomplete or non-representative RWD, there is more potential for bias,4 especially when the 
outcome of interest or its early signs affect the probability of baseline selection.5 Therefore, the completeness and 
representativeness of RWD are pivotal to describe populations and treatments validly, to obtain generalizable results and 
to draw conclusions without selection and information bias.6

The PHARMO Data Network is a network of data from different primary and secondary healthcare settings in the 
Netherlands and is created and maintained by “Stichting Informatievoorziening voor Zorg en Onderzoek” (STIZON).7,8 

The general practitioner (GP) data of the PHARMO Data Network is widely used for (pharmaco)epidemiological 
research in different therapeutic areas, such as oncology,9 diabetes,10 nephrology,11 cardiovascular diseases,12 and 
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respiratory diseases.13 In the Dutch healthcare system, nearly every citizen is enrolled in the practice of a GP. In addition, 
the GP is gatekeeper to hospital- and specialist care. GP care in the Netherlands is considered to be a well-organized care 
system that provides comprehensive care for all citizens.14 Despite its many uses, its completeness and representativeness 
have not been described before.

The objective of the current study therefore was to assess the completeness and representativeness of the PHARMO 
GP data for the general Dutch population. Specifically, we compared demographic characteristics, medication use, 
diagnoses and death statistics from the PHARMO GP data with similar statistics from the Dutch population.

Materials and Methods
Study Design
The completeness and representativeness were determined using a cross-sectional design.

Study Period
The cross-sectional design was carried out three times; once at the beginning of the data collection (ie, 2006), once 
halfway through the data collection (ie, 2012), and once at the end of the data collection (ie, 2018). Demographic 
characteristics were determined at January 1st of each year. Medication and diagnoses were determined during the three 
different years (ie, between January 1st and December 31st).

Data Sources
PHARMO GP Data
GP data was obtained from the PHARMO Data Network,7 which comprises data from electronic patient records 
registered by GPs. The records include information on diagnoses and symptoms, laboratory test results, referrals to 
specialists and healthcare product/drug prescriptions. The prescription records include information on type of product, 
prescription date, strength, dosage regimen, quantity and route of administration. Drug prescriptions are coded according 
to the World Health Organisation (WHO) Anatomical Therapeutic Chemical (ATC) Classification System.15 Diagnoses 
and symptoms are coded according to the International Classification of Primary Care (ICPC), which can be mapped to 
International Classification of Diseases (ICD) codes, but can also be entered as free text.16 Since 2004, the GP data have 
experienced a substantial growth. On December 31st, 2004, it contained information from about 235 general practices 
with approximately 1 million registered people. By December 31st, 2020, this had grown to 879 practices with almost 
5 million registered people. Currently, all practices have provided their data at least until December 31st, 2018.

Dutch Population
Data on the Dutch population was obtained from “Centraal Bureau voor de Statistiek” (CBS), hereafter referred to as 
Statistics Netherlands (CBS). Statistics Netherlands (CBS) is an autonomous agency with the mandate to collect and 
process data. It offers publicly available data from different sources on several themes, such as “Population” and “Health 
and welfare”. Tables and news releases are published daily with the latest information based on data from Statistics 
Netherlands (CBS).17 For the current study, the following data from Statistics Netherlands (CBS) was used: the 
population size by sex and age, the proportion of persons to whom drugs were dispensed, and the proportion of persons 
who were known to their own GP with certain complaints, symptoms or diseases.

Statistics Netherlands (CBS) obtains information on population numbers by sex and age from the population register 
of all Dutch municipalities.

The proportion of persons to whom drugs were dispensed is derived from the National Health Care Institute of the 
Netherlands. This institute receives national data from the health insurers about all drugs dispensed per person that are 
reimbursed by the basic health insurance.

The data regarding persons who were known to their own GP with certain complaints, symptoms or diseases come 
from the Nivel Primary Care Database (Nivel). Nivel uses routinely recorded data from healthcare providers to monitor 
health and utilization of health services in a sample of the Dutch population.18 In 2018, the Nivel Primary Care Database 
contained information from about 419 general practices with a total of about 1.7 million registered patients. The age and 
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sex distribution of this sample was representative of the Dutch population.19 Data from the Nivel Primary Care Database 
is used for several purposes, including for the website VZinfo.nl, which provides information on public health and care 
commissioned by the Ministry of Health, Welfare and Sport.20

Representativeness of Demographic Characteristics
Sex, age, and degree of urbanisation at January 1st of 2006, 2012, and 2018 and death during 2006, 2012, and 2018 were 
determined among all people registered and alive in the GP data on January 1st of 2006, 2012, and 2018. Similar 
statistics were obtained from Statistics Netherlands (CBS).21 Because information regarding diagnoses was based on data 
from Nivel, the sex and age distribution of the Nivel population at January 1st of 2018 is presented as well. Degree of 
urbanisation was categorised in five degrees based on the surrounding address density per square kilometre. The 
surrounding address density is the average number of addresses per square kilometre with a radius of one kilometre.22 

For both sources, the proportion of deaths was calculated by dividing the number of persons who died during the year by 
the number of people registered and alive in the source on January 1st of that year.

Completeness of Medication Data
As the medication data in Statistics Netherlands (CBS) and the PHARMO GP data already differ a priori (Statistics 
Netherlands (CBS) contains reimbursed medication and the PHARMO GP data contain prescribed medication), we 
cannot speak of representativeness, but we can study completeness.

In Statistics Netherlands (CBS), the proportion of persons to whom drugs were dispensed was calculated among the 
population of all patients who were registered in the “Basisregistratie Personen” (BRP), ie, Personal Records Database, at 
any time during the reporting year, by dividing the number of persons to whom drugs were dispensed that are reimbursed 
by the basic health insurance by the total number of persons.23 In the PHARMO GP data, the number of persons who 
were eligible anywhere in the reporting year and to whom a drug was prescribed by the GP was divided by the total 
number of persons who were eligible anywhere in the reporting year to obtain the proportion of persons to whom drugs 
were dispensed.

Analyses were performed at the most detailed level in order to prevent detailed differences from being smoothed out 
at a higher level. The most detailed available level in Statistics Netherlands (CBS) was the 3rd level of ATC codes (ie, 
pharmacological subgroup).

Representativeness of Diagnoses
The data from Statistics Netherlands (CBS) regarding the proportion of persons who were known to their own GP with 
certain complaints, symptoms or diseases come from Nivel.18 For this purpose, all activities of the GP around a particular 
complaint with which the patient approaches the GP, including prescriptions and referrals to other disciplines, have been 
processed into disease episodes. The methodology of constructing these disease episodes is described in more detail 
elsewhere.24 The proportion of people who had a diagnosis at any time during the year was calculated by dividing the 
number of people who had a diagnosis at any time during the year (defined as an open/active episode in the 
reporting year) by the number of person years of the population, ie, the total number of registered days of the population. 
In the PHARMO GP data, disease episodes were created for 2006, 2012 and 2018 and the proportion of people who had 
a diagnosis was calculated based on the same methodology as Nivel.24

Information was available in both Statistics Netherlands (CBS) and PHARMO GP data for 81 individual ICPC codes 
(eg, T90) and for 15 grouped ICPC codes (eg, K78-K80).

Statistical Analyses
For each year, the distribution of age, sex and degree of urbanisation and the proportion deceased in the PHARMO GP 
data were compared with the distributions of Statistics Netherlands (CBS) using the standardized difference (std.diff). 
Furthermore, the distribution of 5-year age groups per sex at January 1st in the GP data and the Netherlands is presented 
as population pyramids.
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Per year and per pharmacological subgroup, the proportion of people with a prescription based on the PHARMO GP 
data was compared to the proportion of people with a dispensing based on Statistics Netherlands (CBS). Per year and per 
individual ICPC and grouped ICPCs, the proportion of people with a diagnosis based on PHARMO GP data was 
compared to the proportion of people with a diagnosis based on Statistics Netherlands (CBS). As we did not expect 
differences in the results between the studied years and to keep the number of tables and figures limited, only the results 
of 2018 are presented in tables and figures. The results of 2006 and 2012 are presented in the Supplementary File.

The completeness and representativeness were assessed by comparing the above mentioned proportions between the 
Statistics Netherlands (CBS) and the PHARMO GP data using the std.diff, a measure of the balance of characteristics 
between groups:

Where PGP = PHARMO GP data and StatNL = Statistics Netherlands (CBS). Absolute values of the std.diff of 0.2, 0.5, 
and 0.8 roughly correspond to small, medium, and large differences, respectively.25 In order to be somewhat conservative 
and detect small changes, differences with an absolute values of the std.diff >0.2 were considered to be incomplete or 
non-representative.

Results
During 2004–2020, the population of the PHARMO GP data increased from approximately 300,000 on January 1st, 2004 
to almost 4.7 million on December 31st, 2020 (Figure 1). The median (interquartile range [IQR]) follow-up per person is 
10.4 (5.1–14.0) years, resulting in more than 46 million person-years currently in the data.

Representativeness of Demographic Characteristics
In 2018, 80% (n = 3,578,528) of the included people were still active and 20% was lost to follow-up (ie, changed 
to a GP practice that was not (or no longer) participating in STIZON) or died. For the patients active at 
January 1st (N = 3,466,321), demographic characteristics were compared with those of the Dutch population 

Figure 1 Number of persons registered in the PHARMO GP data at each year (2004–2020).
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and the Nivel population on January 1st, 2018 (Table 1). Figure 2 depicts the population pyramids of the 
population of the PHARMO GP data and the Dutch population.

The sex distribution in the GP population was representative of the Dutch population; half of the people were male 
(49.7% vs 49.6% [std.diff: 0.00]). The proportion of people 0–4 years in the GP data was slightly lower compared to the 

Table 1 Demographic Characteristics of the Population in PHARMO GP Data, the Netherlands and Nivel at January 1st, 
2018

PHARMO GP 
Data

The 
Netherlands

Nivel19 Std.diff

N = 3,466,321 N = 17,181,084 N = 1,709,788
% % % GP vs NL GP vs Nivel

Sex

Males 49.7 49.6 49.5 0.00 0.00

Females 50.3 50.4 50.5 0.00 0.00
Unknown <0.5 0.0 0.0 0.01 0.01

Age (years)

0–4 4.2 5.1 4.2 −0.04 0.00
5–17 14.6 14.7 15.0 0.02 0.03

18–44 34.1 33.3 32.7 0.00 −0.02

45–64 28.0 28.2 29.1 0.00 −0.01
65–74 11.1 10.9 11.1 0.01 0.00

75–84 5.9 5.8 5.9 0.00 0.00

≥85 2.1 2.2 2.1 0.00 0.00
Unknown <0.5 0.0 0.0 0.00 0.00

Degree of urbanisation

Extremely urbanized 25.7 23.3 n.a. 0.05 –
Strongly urbanized 23.6 25.0 n.a. −0.03 –

Moderately urbanized 18.8 17.2 n.a. 0.04 –

Hardly urbanized 21.4 17.3 n.a. 0.10 –
Not urbanized 9.4 17.1 n.a. −0.23 –

Unknown 1.1 0.0 n.a. 0.15 –

Deceased 0.42 0.89 n.a. −0.06 –

Abbreviations: std.diff, standardized difference; n.a., not available.

Figure 2 Population pyramid of the PHARMO GP population (A) and the Dutch population (B) at January 1st, 2018.
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Dutch population, but not different according to the std.diff (4.2% vs 5.1% [std.diff: −0.04]). The PHARMO GP data 
captured less not urbanized areas compared to the Dutch population (not urbanized areas: 9.4% vs 17.1% [std.diff: −0.23]). 
Although no difference existed based on the std.diff, the proportion of deaths in 2018 in the Netherlands was two times 
higher than in 2018 in the GP data. For 2006 and 2012, similar results regarding demographic characteristics were observed.

Completeness of Medication Data
For 2006, the std.diffs for the different pharmacological subgroups ranged from −0.12 to 0.24. Only the subgroup “viral 
vaccines” differed between the PHARMO GP data and the Statistics Netherlands (CBS) data. Its use was more complete 
in the PHARMO GP data than in the Statistics Netherlands (CBS) data (3.3% vs 0.2% [absolute std.diff: 0.24]). For 
2012, the std.diffs ranged from −0.08 to 0.30. Only the subgroups “viral vaccines” and “hormonal contraceptives for 
systemic use” differed between the PHARMO GP data and the Netherlands. Again, use of these subgroups was more 
complete in the PHARMO GP data (“viral vaccines”: 4.5% vs 0.1% [std.diff: 0.30] and “hormonal contraceptives for 
systemic use”: 7.9% vs 3.1% [std.diff: 0.21]). For 2018, the std.diffs ranged from −0.04 to 0.26. Figure 3 presents the 
percentage of persons with medicines of pharmacological subgroups in 2018. For presenting purposes, only pharmaco-
logical subgroups with an absolute std.diff ≥0.05 are presented. Again, only the subgroups “viral vaccines” and 
“hormonal contraceptives for systemic use” differed (std.diff: 0.26 for both subgroups) between the PHARMO GP 
data and the Statistics Netherlands (CBS) data and use was more complete in the PHARMO GP Data. In 2018, the 
overall use of hormonal contraceptives for systemic use was 2.1% in the Dutch population and 7.7% based on the 
PHARMO GP data. Less than 0.1% of the Dutch population was vaccinated with a viral vaccine in 2018 according to 
information from the National Health Care Institute of the Netherlands. Based on PHARMO GP data, this was 3.3%.

Representativeness of Diagnoses
No information was available in Statistics Netherlands (CBS) regarding 2006. For 2012, the std.diffs for the individual and 
grouped ICPC codes ranged from −0.13 to 0.12. For 2018, the number of persons per 1000 persons with a diagnosis for 
“contraception (female)” was higher in the data from Statistics Netherlands (CBS) compared to the GP data (71 vs 43 per 
1000 persons, retrospectively). Furthermore, the std.diffs for the individual and grouped ICPC codes ranged from −0.12 to 

Figure 3 Medication use per pharmacological subgroup (ATC 3rd level) in the PHARMO GP data and the Netherlands in 2018 with absolute std.diff ≥0.05.
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0.05. Figure 4 presents the number of persons per 1000 persons per diagnosis as known by their GP in 2018 (Figure 4A for 
symptoms and complaints and Figure 4B for diagnoses).

Discussion
The results of this cross-sectional study showed that the PHARMO GP data are representative of the Dutch population 
with regard to the demographic characteristics and diagnoses in primary care. Medication data in the PHARMO GP data 
are more complete than national statistics.

As of January 1st, 2018, ~20% of the Dutch population was registered as being present in the PHARMO GP data. As 
it is mandatory to be registered with a GP in the Netherlands, the PHARMO GP data include nearly all Dutch residents of 
the catchment area. With this study, we demonstrated that this 20% is representative of the entire Dutch population in 
terms of age and sex. For most degrees of urbanisation, there was no difference either, except for “not urbanized”. The 
PHARMO GP data captured less not urbanized areas compared to the Dutch population. Despite this difference, it is not 
likely that this will affect study results or conclusions using the PHARMO GP data, as the entire country of the 
Netherlands is highly urbanised.26 A large proportion of the Dutch live in cities or in the suburban centres around them. 
Rural areas are also largely in the direct sphere of influence of cities and residents make ample use of urban facilities.26 

Although not considered as a difference based on the std.diff, the proportion of deaths in 2018 in the Netherlands was 
two times higher than in 2018 in the PHARMO GP data. This finding is in line with expectations, as persons who die are 
more often older and no longer under the care of a GP (ie, aged care). In 2019, about 40% of all deceased people were no 
longer under the care of a GP at the time of death.27

Figure 4 Continued.
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In the studied years, 2 of the 267 pharmacological subgroups were different based on the std.diff. The use of “viral 
vaccines” and “hormonal contraceptives for systemic use” in the PHARMO GP data was substantially higher than in the 
Dutch population according to the National Health Care Institute of the Netherlands, which is the source for mapping 
medication use in the Dutch population. For both subgroups, the observed differences are related to reimbursement. The 
National Health Care Institute receives data from the health insurers about all drugs dispensed per person that are 
reimbursed by the basic health insurance. The PHARMO GP data include both non-reimbursed and reimbursed 
medication. Based on information from the PHARMO GP data, where entire ATC codes are available, the majority of 
those vaccinated with a viral vaccination received an influenza vaccine (84%). In the Netherlands, the influenza vaccine 
is reimbursed for specific risk groups, but is not reimbursed through the basic health insurance law. These vaccines can 
therefore not be found in the tables of Statistics Netherlands (CBS) but are included in the PHARMO GP data. The 
difference in use for “hormonal contraceptives for systemic use” is explained by the fact that, since January 1st, 2011, its 
use is no longer reimbursed from the age of 21 years onwards (Figures S1, S4 and S8).28

In general, medication use in the PHARMO GP data was more complete than in the Statistics Netherlands (CBS) 
data. In addition to the aforementioned reimbursement explanation, there are other arguments as to why the results differ. 
The PHARMO GP data include prescribed medication, while the National Health Care Institute includes dispensed 
medication and not all prescribed medication is dispensed.29

Regarding the number of persons per diagnosis as known by their GP, no differences were observed between the 
PHARMO GP data and the Statistics Netherlands (CBS) data based on the std.diffs. The same methodology was used, and 
the underlying populations were similar in terms of age and sex. Statistics Netherlands (CBS) obtains the data regarding 
diagnoses from Nivel, which has information from about 1.7 million registered patients (10% of the Dutch population).19

Figure 4 Symptoms and complaints (A) and diagnoses (B) per ICPC level in the PHARMO GP data and the Netherlands in 2018.
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Even though there were no differences based on the std.diffs, in general, the number of persons per diagnosis as known by 
their GP was higher based on Statistics Netherlands (CBS) than using PHARMO GP data, especially for the diagnoses 
regarding “contraception (female)”. The data from Statistics Netherlands (CBS) only include general practices with sufficient 
quality of the supplied data. Several quality criteria are applied in order to select these practices, for instance “registering an 
ICPC code in at least 70% of all care episodes/contacts with the GP practice”. As GPs are not obliged to record diagnoses 
with an ICPC, this quality criterion ensures that GPs, who fill in an ICPC code less frequently, do not decrease the number of 
persons per diagnosis as known by their GP when basing this on ICPC. However, it does not necessarily mean that the 
included practices fully record all diagnoses by entering the ICPC. When calculating the number of persons per diagnosis as 
known by their GP based on PHARMO GP data, these quality criteria were not applied, because the objective was to 
determine the completeness and representativeness of the entire PHARMO GP data. The quality criteria may also explain the 
difference between the diagnoses of “contraception (female)”.

Conclusion
Overall, the GP data of the PHARMO Data Network are representative of the Dutch population with regard to the 
demographic characteristics and diagnoses in primary care. Medication data in the PHARMO GP data are more complete 
than national statistics, which makes it a reliable source for studies to provide RWE. It remains important to consider 
whether the data from these sources are valid for the Dutch population as limitations do exist. When using data from 
Statistics Netherlands (CBS) or PHARMO GP data regarding medication use and/or diagnoses, it should be kept in mind 
that these data only concern primary care. Use of the data and interpretation of study results based on these sources 
should be done with experts on the data sources, the Dutch healthcare system and (pharmaco)epidemiology.
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the interest of Public Health or in the context of an audit by a competent authority. Sufficient information needs to be 
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and, in case of a request with a view to corroborate study results, a protocol on the research for which the data will be 
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